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Effect of Carbonation on Bacterial Content and 
Keeping Quality of Dairy Products 
M. J. Prucua, J. M. Brannon, and H. A. RUEHE’ 
V NHE DAIRY industry suffers heavy losses from the spoiling 
and deterioration of dairy products. Hence any scheme the aim 
of which is to improve these products and to prevent their 
spoilage should receive careful consideration. 
Carbon dioxid has been used extensively in the preparation of 
certain beverages.')?)%71%515* From a bacteriological standpoint there 
are at least two benefits derived from this procedure: first, there 
is a suppression of bacterial activities, and hence preservation of the 
drink ; second, there is a gradual destruction of germ life. 
Attempts have been made to extend the use of carbonation to 
dairy products with the expectation that certain or similar benefits 
would be derived therefrom. In 1907 Van Slyke and Bosworth experi- 
mented with carbonation of milk. They concluded from their study 
that carbonated milk makes a pleasant beverage and a healthful 
drink.14* In 1917, 1920, and 1921 the United States Patent Office 
granted patents covering the application of carbon dioxid to foods, 
including dairy products. The patentees claim that carbonation pre- 
serves food and makes it more sanitary.*°* 
The effect of applying carbon dioxid to dairy products has been 
studied at the University of Illinois. Reports covering the work with 
ice cream and butter have already been published.®1°* This bulletin 
brings together the results from all the experiments with dairy 
products. 
OUTLINE OF WORK 
The carbon dioxid used in these experiments was purchased from 
a local bottling works and was the same as that used in the preparation 
of carbonated beverages. No chemical analysis was made of it. 
The methods of applying the gas to the different dairy products 
varied somewhat and will be described in detail in connection with 
the experiments. 
The bacteriological work included both the counting of the bacteria 
and the examination of the petri plates as to the kind of microbial 
flora that survived the carbonation. In some of the experiments on 
1M. J. Prucua, Chief in Dairy Bacteriology; J. M. Brannon, Assistant Chief in Dairy 
Bacteriology; and H. A. RueEHE, Chief in Dairy Manufactures. 
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butter and cheese, yeast and mold counts were also made. Nutrient 
agar containing 2 percent of lactose was used for the bacteria, and 
acidified malted agar was used for the yeasts and molds. 
The work consisted of a series of experiments in which milk, cream, 
condensed milk, ice-cream mix, ice cream, cheese, and butter were 
treated with carbon dioxid. After being thus treated, the products 
were examined in order to ascertain the effect of the treatment on the 
bacteria present. While this was largely a bacteriological study, obser- 
vations were also made with regard to the effect of carbonation on the 
flavor of the dairy products and on their keeping quality. 
EFFECT OF CARBONATING SWEET MILK 
Milk Carbonated and Held Under Different Pressures 
The milk in this experiment was carbonated in soda-water bottles 
(Fig. 1). The bottles were sterilized before the milk was put into 
them and carbon dioxid was then blown into them in order to replace 
the air. After this the bottles were filled two-thirds full of raw milk, 
and the carbon dioxid was allowed to pass into it. During the flow of 
the gas the bottles were shaken vigorously until the desired pressure 
was obtained. 
Each day a sample of milk was taken for examination and if the 
pressure had decreased, it was adjusted, but in no case did the pressure 
~ 
Fic. 1—EQUIPMENT FOR CARBONATION OF Mi1LK UNDER 
PRESSURE IN SYPHON SopA BOTTLES 
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TABLE 1.—EFFECT OF DIFFERENT CARBON-DIOXID PRESSURES ON BACTERIAL 
CONTENT AND KEEPING QUALITY OF RAW SWEET MILK HELD AT 70° F. 
(Figures indicate bacteria per cc. of milk) 
| Not 10 20 40 60 
casei carbonated pounds pounds pounds pounds 
pressure pressure pressure pressure 
Before | 
Psion Pa aa “5 ee 35 000 35 000 35 000 35 000 35 000 
After— 
1Dka Oh) A e Ree 1 606 000 000 93 000 000 34 000 000 3 740 000 1 270 000 
PRA VGMeN rae ol. || eee 630 000 000 /|1 044 000 000 | 292 000 000 175 200 000 
ORME es ck | | ee te 8 I) wakes 428 000 000 359 000 000 
Soured in Soured in Soured in Soured in Soured in 
30 hours 48 hours 3 days 5 days 9 days 
decrease more than a pound. The experiment was repeated many 
times with milk from different sources. The results from one of the 
experiments are shown in Table 1. 
This manner of carbonating milk did not stop the multiplication of 
bacteria in the milk. It did, however, slow down the rate of multipli- 
cation; the higher the pressure, the slower the multiplication. 
In the uncarbonated milk 45,886 bacteria developed during the first 
24 hours from each bacteria present at the start. In the milk held at 10 
pounds pressure 2,658 developed; at 20 pounds pressure, 971; at 40 
pounds pressure, 107; and at 60 pounds pressure, 36. Even at 60 
pounds pressure, however, the bacteria finally increased in four days to 
359,000,000 per cubic centimeter. 
Carbonation caused a delay in the souring of the milk; the higher 
the pressure, the longer the milk kept sweet. The milk carbonated at 
10 pounds pressure kept sweet about 24 hours longer than the untreated 
milk, and that carbonated at 60 pounds pressure kept sweet eight days 
longer. 
The results were greatly influenced by the amount and nature of 
the initial bacterial contamination. 
Milk Held in Pure Carbon-Dioxid Atmosphere 
In the experiment just described the bottles in which the milk was 
carbonated were always filled with carbon dioxid before the milk was 
poured into them. It is to be expected, however, that during the opera- 
tion small traces of air were mixed with the carbon dioxid and thus 
the milk was exposed to a mixture of air and carbon dioxid. More- 
over, the amount of air was not determined, but necessarily it was 
small. In raw milk traces of other gases are always present. In this 
experiment the aim was to eliminate, so far as possible, all traces of 
other gases from the milk, subjecting it to carbon dioxid only. 
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About 2 quarts of raw milk were poured into a suction flask which 
was attached to an air pump. The pump was allowed to operate until 
its capacity, a 23-millimeter vacuum, was obtained. At this point the 
pump was stopped and carbon dioxid was allowed to bubble thru the 
milk until the pressure in the suction flask was slightly higher than the 
atmospheric pressure. After closing the carbon dioxid valve the 
pump was again operated until a vacuum of 23 millimeters was 
obtained, and then carbon dioxid was again allowed to bubble thru 
the milk as before. This operation was repeated three times in succes- 
Fic. 2—EQUIPMENT FoR HoLtpiInc MILK IN PuRE Carbon Di1ox1p ATMOSPHERE 
Air and other gases present in milk were removed by a suction pump. 
sion at the beginning of the experiment. Then at six-hour intervals 
the triple procedure was repeated. The carbon dioxid inside the flask 
was maintained at a pressure equal to the atmospheric pressure. 
During the experiment the milk was kept at a temperature of about 
75° F. Bacteriological samples were taken at the beginning of the test 
and again when the milk began to show visible signs of souring. The 
experiment was repeated several times, both raw and pasteurized milk 
being used. 
In some cases the milk carbonated in this manner kept a little longer 
than uncarbonated milk before it soured, while in other cases it soured 
in about the same time as the uncarbonated milk. The difference in 
time was a matter of only a few hours. 
The bacteriological examination showed two things: first, that the 
number of bacteria in the carbonated milk 24 to 48 hours after carbona- 
tion was not essentially different from that of the untreated milk, which 
indicates that some bacterial species grow readily in thoroly carbonated 
milk; second, that the carbon dioxid did exert an influence on the bac- 
terial population of the milk in that the multiplication of some species 
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was inhibited. Invariably the bacterial flora of the carbonated milk 
was different from that of the uncarbonated milk. 
Milk Held at 180 Pounds Pressure 
It was also shown in the first experiment that when the milk was 
carbonated and held under pressure, its keeping quality was improved. 
The higher the pressure, the 
longer the milk kept sweet. In this 
third experiment a study was 
made of the effect of holding milk 
under carbonation at 180 pounds 
pressure. 
A 10-gallon steel tank (Fig. 3) 
was filled with 9 gallons of milk, 
and this was carbonated until 180 
pounds pressure was reached. The 
milk was kept under this pressure 
and examined at certain intervals 
both for bacteria and physical 
properties. The experiment was 
repeated twice. In the first trial 
freshly pasteurized milk was used, 
and after carbonation the milk 
was kept in a refrigerator at an 
average temperature of 40° F.- 
In the second trial raw milk was 
used, and after carbonation the 
milk was kept at a temperature of 
70° F. The bacteriological counts 
are given in Table 2. 
In the first trial, in which pas- 
teurized milk was used, the un- 
treated milk soured in 18 days, the 
bacteria gradually increasing to 
Perms ce thes carbonated: mil oe ee ee eo 
the bacteria gradually decreased Pounps PRESSURE 
until at the end of 24 days no 
bacteria were found by the plate method. At the end of a month 
the milk was removed from the refrigerator to room temperature. 
Several attempts were made at this time to determine whether 
there were any bacteria in the milk. Plate counts showed about 
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200 bacteria per cubic centimeter, but on account of difficulties 
involved in obtaining the samples, it was not certain whether these 
bacteria were in the milk in the tank or were introduced into 
the milk while taking the samples. The direct-count method in- 
dicated about a million per cubic centimeter, but again it was not 
certain whether these were living bacteria or not. That neither 
method showed enough bacteria to account for any physical change 
in the milk seemed certain. 
TABLE 2.—BACTERIAL CONTENT AND KEEPING QUALITY OF SWEET MILK 
CARBONATED AND HELD UNDER 180 POUNDS PRESSURE 
(Figures indicate bacteria per cc. of milk) 
Samples taken— | Carbonated | Not carbonated 
Pasteurized milk held at 40° F. 
Betore:treatment ac ene ee eereee 102 300 102 300 
Immediately after treatment........... 200 000 |) Sree 
After— 
TN Gav suits <.deenstontiavetehels R chest e ee 1700  # — . |) secre 
2. Gay Saee oe ae eee 4°700 =... SA.) es 
4 days ec oS O aE Ee ee 300 291 000 
TdaVSh, 2 hs a Rhine eee een emetee 300 2 910 000 
11 daysisetricciate ee ee 20 4 520 000 
14. days ieee ae ee ee 50° 0 8 eee 
16 daysai dae eee eee 20 48 500 000 
22, GAYS ied SA.eice kU eee 100 Spoiled 
DA GAYS uy she hig oe ee ee OQ Seer 
ZO CAYSt ee sae an create ne eae ee ate O° 8 eee 
32 daYSi se s-eales comes ee  ee QO © - . |) “Se eeewerercne 
48 dayses kvios. cee ene Spoiled... . -|.  ) 3) RRRReeere 
Raw milk held at 70° F. 
HERS treatments2...i.. cso Reece 105 000 Milk spoiled in 48 hours 
After— 
OAS Hose a ee oe ee ee 22 800 - . | \) 5S 
La days rss tcc cite ee ae ee 32 000 000 -.. ; || (3 Sse 
DEAS ee Sa a aoc, Pane eae eer ee ere 48.000 000 «| | 3 steerer 
28) GAVShond oe ehiccle ce eee Spoiled °- > }. > eee 
After the milk was kept in the refrigerator for three weeks, its 
physical property began to change. At first very minute particles of 
casein began to form, giving the milk a chalky taste, but otherwise it 
was normal. As time went on, this flavor became more pronounced. 
At the end of a month the milk could still be used for cooking purposes 
and even for drinking after the carbon dioxid was driven off by 
heating. 
The milk was kept in the refrigerator for 32 days, then removed 
and placed at room temperature for 17 days. Examination after this 
period showed the milk to be completely separated into three layers: 
a layer of clear whey at the bottom, a layer of coagulated casein, and 
on the top a layer of fat. There was no increase in the lactic-acid con- 
tent of the milk during the whole experiment. 
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The second trial was carried out in a similar manner except that 
raw milk instead of pasteurized was used, and after carbonation the 
milk was held at room temperature. During the first few days the 
bacteria in the carbonated milk continued to decrease in numbers. 
After that they began to increase, until at the end of three weeks they 
had increased from 105,000 to 48,000,000 per cubic centimeter. The 
milk spoiled by the end of four weeks. There was no noticeable change 
in taste or in physical properties during the first 10 days, but after that, 
changes began to set in and the milk became undesirable for drinking. 
CARBONATION OF CREAM 
Experiments were conducted with cream in order to ascertain 
whether carbonation of sweet cream that is to be used for butter mak- 
ing improves the quality of the cream and butter. 
Fic. 4—EQUIPMENT FOR CARBONATION OF CREAM AND 
CoNDENSED MILK IN CANS 
About 4 gallons of sweet cream were divided into four lots, two 
of which were carbonated and the other two not. The cream was 
kept at two different temperatures, namely, at 40° and 70° F. 
The carbonation was accomplished by attaching a rubber hose to 
the gas tank. To the loose end of the hose was fastened a glass tube 
2 feet long (Fig. 4), and the other end of the glass tube was inserted 
in the cream as far as the bottom. The gas was then allowed to flow 
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into the cream for several minutes; the cream was stirred during the 
flow of the gas. Carbonation was repeated each day during the experi- 
ment. 
At varying intervals of time, samples of the cream were taken for 
bacteriological examination and also for the acidity test. Two samples 
were always taken for the acidity test, one of which was heated to 
expel the carbon dioxid before applying the test. 
TABLE 3.—EFFECT OF CARBON DIOXID ON BACTERIAL CONTENT AND ACIDITY OF 
CREAM 
Carbonated Not carbonated 
Samples Acidity! | Acidity 
Taken-— Bacteria Bacteria | —_ 
per cc. Before | After perce: Before | After 
heating’ heating heating; heating 
Cream held at 70° F. 
perct. perct. | perct. perc. 
Before treatment........ 9 000 000 .38 Bales 9 000 000) 9), 212 i2 
After— 
2ETOULS earevers ee ile cs 6 000 000 ee ie 16 000 000 
APNOUTSsica ect eee 24 000 000 Hate aes 28 000 000 
G OWES Seen. sui - 21 000 000 Ae Ane 19 000 000 
fil aVoubbdet= en ARs Mine 46 000 000 oi aoe 41 000 000 ne a ee 
LGA ViON oa oe See ae ees Lae ae .56 A: 5 ee Rae site 49 44 
DCA Seperate arse tea 346 000 000 68 she: 221 000 000 . 66 256 
A Ga Vee mre reer 245 000 000 .81 eal 307 000 000 .60 .49 
OiGAYVSt eta cae ee ee eee 65 £45 Oil) UE es. eee oo .49 
Same cream as above held at 40° F. 
| 
Before treatment......... 9 000 000 Xs) a1? 9 000 000 aye ails 
After— 
SiHOUTS Aeyatete i t tnar cee 11 0090 000 ve ae 17 000 000 
GrhoOurs es ds emcee 12 000 000 Bae ae 18 000 000 
SNOULS Hse aan Sere 8 000 000 Sen te 23 000 000 
Lida ye rewias ahh ee. | a eee .28 ae A eee 16 15 
DUCA VS rae oeatineee, eeaeor 35 000 000 .50 .16 55 000 000 25 24 
eA bi chche petrghin aed. 23 000 000 55 youl 114 000 000 45 45 
ONCaV:S Galen eee eter ae 103 000 000 7 41 312 000 000 50 43 
Tia Vea Asn Gc e Er eras CUR Nae eee 7 FAD Gyliee Menale tetas meee 5S 48 
1Percentage of acidity computed as lactic acid. 
The experiment was repeated at least ten times in addition to sev- 
eral preliminary trials. The results in all cases were so similar that 
the results from only one of the experiments are presented in Table 3. 
There are two points to be noticed in the data in Table 3 as regards 
the influence of carbon dioxid on the bacteria in the cream. In the 
first place carbonation caused in most cases, but not always, a slight 
temporary reduction in the number of bacteria following the first appli- 
cation of gas. The second point to be noticed is that carbonation did 
not prevent the multiplication of the bacteria. After a slight temporary 
reduction, the bacteria increased at about the same rate as they did in 
the uncarbonated cream. ; 
From the examination of the petri plates prepared from the cream 
it was very evident that the bacterial flora in the carbonated cream was 
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different from that of the uncarbonated. Apparently the carbon diox- 
id checks certain types of bacteria and not other types. 
The acidity test likewise showed that carbonation checked the 
development of lactic acid in the carbonated cream at first but that this 
delay in the development of acidity was of short duration. Both the 
carbonated and the uncarbonated cream soured, and the degree of acid- 
ity in the end was about the same. It should also be mentioned that 
the uncarbonated cream became partially carbonated as it aged, owing 
to the production of carbon dioxid thru the activity of the germ life 
in the cream. 
The effect of this manner of carbonation on the keeping quality 
of the cream was slight and depended on the temperature at which the 
cream was held and probably on the amount and kind of initial bac- 
terial contamination. At room temperature the carbonated cream 
soured in about the same length of time as the uncarbonated, a matter 
of two or three hours’ difference. At 40° F. the carbonated cream 
kept two or three days longer. 
From a commercial standpoint the carbonation of sweet cream for 
the purpose of improving the butter would not appear to be practical, 
the difficulty of applying the carbon dioxid at the source of cream pro- 
duction, the expense involved, and the slight and doubtful benefits de- 
rived making it economically unprofitable. 
CARBONATION OF UNSWEETENED CONDENSED MILK 
In this experiment condensed milk was drawn from an evaporating 
pan into 8-gallon cans and, after cooling to about 40° F., was carbon- 
ated as described on page 149. The cans of milk were then covered with 
lids and were kept in a refrigerator at about 40° F. At intervals the 
milk was examined for bacterial content and also for development of 
off-flavors. The experiment was repeated many times. The results 
in general were about the same in all cases. The bacterial counts from 
one of the trials are given in Table 4. 
TABLE 4.— BACTERIAL CONTENT OF CARBONATED AND UNCARBONATED 
UNSWEETENED CONDENSED MILK HELD AT ABoutT 40° F. 
(Figures indicate bacteria per cc. of milk) 
Samples taken— Carbonated Not carbonated 
Petorercredt Wient cai. falisiea a < dro parties 4 200 4 200 
After— 
TELL ORME Aes eta roks oferavape wT ics ais ote aus 3 300 000 1 100 000 
DAIECI AV SMEET RONG, Fels in ere siinretay «ate gt cyersrone ts 64 000 000 26 000 000 
amd Crm NN a Eg eLAIER pace seats cca She cree 289 000 000 120 000 000 
CME CS Noy si Sate Somes sino is Fania. 0's 238 000 000 358 000 000 
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While, as stated above, the results from the different trials were 
similar, there was some variation. In some cases the carbonated con- 
densed milk gave larger counts than the uncarbonated, while in other 
cases it was the reverse. Again, it was noticed that carbonation brought 
about a change in the bacterial flora. Invariably the bacteria that 
developed in the carbonated milk produced on the plates very small, 
pin-point colonies resembling the colonies of certain lactic-acid bacteria. 
In the uncarbonated milk there was a greater variety of species. 
The keeping quality of the condensed milk was improved by carbon- 
ation. The delay in the spoiling of the carbonated unsweetened con- 
densed milk was greatly influenced by the amount and kind of initial 
bacterial contamination. As is well known, condensed milk is some- 
times superheated. This causes it to thicken; it also causes a marked 
reduction in bacteria and it probably destroys certain species of bac- 
teria. The superheated milk when carbonated kept for one to three 
weeks longer than the same milk uncarbonated. In one trial the un- 
carbonated milk spoiled in two weeks while the carbonated milk was 
still usable four weeks later. On the other hand, when the condensed 
milk was not superheated, carbonation did not delay its spoiling to 
any great extent. 
CARBONATION OF ICE-CREAM MIX 
Ice-cream mix of the following composition was used for this 
experiment: fat, 10 percent; milk-solids-not-fat, 12 percent; sugar, 12 
percent; and gelatin, .5 percent. The experiment was repeated about 
fifteen times. In some trials 5-gallon cans were used, in other trials 
half-gallon jars. Six jars or cans were filled; three were carbonated 
and three were not. Two jars, one carbonated and one uncarbonated, 
were stored at each of the following temperatures: 70°, 60°, and 38° F. 
In general the carbonated ice-cream mix that was kept at 60° F. 
and at 70° F. spoiled almost as readily as the untreated mix. The 
delay in spoiling was a matter of only a few hours. When kept at 
lower temperature—40° in this experiment—the delay in the spoiling 
of the carbonated mix was much more pronounced, the treated mix 
keeping several days longer than the untreated. 
Examination showed that when the number of bacteria in the mix 
at the time of carbonation was large, the treatment had very slight or 
no effect in prolonging the keeping period of the mix. When the bac- 
terial count of the mix was small, its keeping quality was markedly 
improved as compared with the untreated mix. This effect was especi- 
ally outstanding at low temperatures. 
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FREEZING OF ICE CREAM IN CARBON-DIOXID 
ATMOSPHERE 
In this experiment seven 12-gallon lots of ice cream were prepared. 
Each lot was divided into two portions. The first was frozen in the 
usual way and the second was frozen in carbon-dioxid atmosphere. 
A 50-quart commercial type brine freezer was used. The following 
procedure was observed in freezing the ice cream in carbon dioxid. 
A rubber tube was fastened to the nozzle of a carbon-dioxid tank, 
and the loose end of the tube was inserted in the freezer thru the fruit 
hopper. The gas was blown into the freezer for about 30 seconds, and 
then the ice-cream mix was poured into it. After the freezer was run 
for a few minutes, the carbon dioxid was again blown in for about 
30 seconds, the loose end of the rubber tube being inserted under the 
surface of the mix and the gas allowed to bubble thru it. As soon as 
the ice cream was frozen, it was put into 2-gallon storage cans which 
were placed in the hardening room and kept there during the experi- 
ment. The temperature of the hardening room averaged about —2° F., 
varying between —10° F. and 8° F. 
Samples for bacteriological examination were taken, first from the 
mix prior to freezing and then from the ice cream, both plain and car- 
bonated, immediately after it was frozen. Subsequent samples were 
taken at frequent intervals during the experiment. 
The carbon-dioxid gas failed to cause any significant reduction in 
the number of bacteria in the carbonated ice cream (Table 5). If it 
did destroy any bacteria, the number was so small that the method used 
to count them did not reveal the fact. One of the lots of ice cream 
(not included in this table) was kept in the hardening room for six 
months. Even after this long period of time the carbonated ice cream 
had just as many bacteria as the plain ice cream. 
Prescott and Parker** obtained much greater reduction in their 
study. They found a reduction of 40 percent or more in 58.1 percent 
of the carbonated samples and in only 6.5 percent of the untreated 
samples. Rettgert’* found that the carbonation of ice cream which was 
inoculated with B. cereus caused a reduction in the number of these 
bacteria. However, he concluded from his studies on the carbonation 
of commercial ice cream that such carbonation does not exert any anti- 
septic or germicidal action on the bacteria present in the ice cream. 
Carbonation imparted to the ice cream the typical carbonic-acid 
flavor. It also tended to make the ice-cream flavors more pronounced. 
This effect, however, was only temporary, for after the ice cream was 
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TABLE 5.—EFFECT OF CARBON DIOXID ON BACTERIAL CONTENT OF ICE CREAM 
(Figures indicate bacteria per cc. of ice cream) 
TO wet LOM? 
Samples taken— Plain Carbonated Samples taken— Plain Carbonated 
From untreated mix.. 620 000 620 000 |From untreated mix. 341 000 341 000 
Freshly frozen cream. 703 000 765 000 |Freshly frozen cream 534 000 408 000 
After— After— 
LT dav.sinet eater ace 356 000 928 000 1 dave eee eee 629 000 506 000 
Dr days cose 789 000 832 000 DiIGaAVS erates 620 000 683 000 
ACA Gre meets 640 000 644 000 Sidayisinn aa aes 622 000 571 000 
Gidayeweoce seuss 963 000 1 070 000 4 avs ete ae 480 000 598 000 
SICAVS ee eee 581 000 780 009 LiGay Sian oper 666 000 510 500 
HB olR ta G ore biome 474 000 616 000 Oday Sao ee 867 000 559 000 
TEA Sie sects cteuctees 686 000 725 000 Lig daysi cron eee 420 000 435 000 
Sccdlaysriretieche cit 1 249 000 518 000 14 days 341 000 526 000 
Pam sadist Ab ocho 578 000 502 000 17 days 436 000 555 000 
DOKdays aac te cree 647 000 578 000 20 GAySii. er eee 442 000 429 000 
SOnda Vs areas seer ea ee 534 000 585 000 DATA YS ae ete 565 000 450 000 
SA IMAN Seem ee ee 607 000 409 000 DT Canis nen nee 388 000 340 500 
AQ Mdays esa 472 000 432 000 32 days veer 794 000 552 000 
AOTAANY Santa ata ae 536 000 710 000 S4 daycare eee wee 258 000 303 000 
SSrdaysuewcartiies 530 000 742 000 BOTAN S Sean eie c  eee 492 000 445 000 
SL idavs wena 415 000 419 000 
LOPES LOT 4 
Samples taken— Plain Carbonated Samples taken— Plain Carbonated 
From untreated mix.. 715 000 715 000 |From untreated mix.| 26 325 000 | 26 325 000 
Freshly frozen cream. 1 255 000 910 000 |Freshly frozen cream | 36 725 000 | 28 600 000 
After— After— 
AV CAV A ee tee lee 1 004 000 777 000 Wis teh ign. darned oats 8 22 430 000 | 21 450 000 
2 days acmaeateeics 699 000 1 017 000 2 'Caiy Gh sq melee ele 6 370 000 | 23 800 000 
3 CAV Sh tee raneis he 750 000 708 000 SCA eee 17 880 000 | 13 980 000 
ATA State oe ieee 694 000 670 000 5 days 23 700 000 | 19 930 000 
Gidaysaeekorre ae 607 000 891 000 7 days 29 250 000 | 37 700 000 
Ol days ees eee 836 000 787 000 10 'dayc.e =. eee 16 250 000 | 16 250.000 
12 -daysee at octets 207 000 212 000 US WIAV Ohio a inte 16 420 000 | 15 600 000 
14vdayis meee e  en 730 000 731 000 LOsdAaysSe Jon hie haan 14 625 000 | 14 300 000 
IW ROEM frniclatta nec 677 000 558 000 OTA a yt net reir 8 410 000 9 610 000 
DOIdavS Pause tas ie 523 000 536 000 DAR AAYVS Arie renee 13 000 000 | 10 820 000 
2ASCA VST Te, ota oe 388 000 455 000 DATCAY Seer cne ieee 17 550 000 | 16 250 000 
28 days b. AER oe 537 000 505 000 SE Gays eae hoe 2 060 000 3 130 000 
S Ida ys. de 477 000 330 000 
30d avs Hane eet: 629 000 715 000 
VOR LOT 6 
Samples taken— Plain Carbonated Samples taken— Plain Carbonated 
From untreated mix..] 13 800 000 | 13 800 000 |From untreated mix. 98 000 98 000 
Freshly frozen cream.} 15 930 000 | 14 950 000 /Freshly frozen cream 56 500 121 000 
After— After— 
1 day | ere ene 10 550 000 | 15 600 000 2 da ysee terete 51 000 65 000 
Dida yvsre eyes sates 18 200 000 | 15 280 000 SECA S Se ae te 52 000 52 000 
BGAN Sia. seat 8 800 000 | 11 380 000 A daysue se eee 58 000 50 000 
STG EME Bons Ses dite ac 18 530 000 | 17 930 000 SV Ca Vista ee wee 40 000 46 000 
PNGAV Si cee sseuer rete: 15 330 000 | 18 200 000 Oda ys ewe ee 55 000 54 000 
Qidaysae rae ae nok 8 450 000 8 450 000 (SCANS ae eee ere 52 000 84 500 
TA daystre se eee 11 050 000 | 14 300 COO Sdaverevie meee 56 000 45 500 
US (dayst ie wee een 18 200 000 | 16 250 000 LOJGay Sera rae eee 7 000 6 150 
L7dayS ware ake 10 070 000 6 500 000 LICCAVS Te eee 55 000 51 500 
PRG RAK 6 chasis auc Ae 8 440 000 | 10 988 000 12 da VS ae eee 43 000 35 000 
SMRGENEE 4 ee cmgioue 14 300 000 | 11 400 000 Larda vse ce eee 35 000 53 500 
AQIGAYS tela ane 10 500 000 | 16 250 000 TA AVS! Mien 34 000 54 000 
DS AVS ae ae 3 340 000 3 480 000 TS 3G2 ysis Grama ane 33 500 52 500 
LOudavysia.ee eee 5 000 32 000 
TiECAV Smee ae ite 43 500 34 000 
| SUAS Meanie fea 45 000 53 500 
DIVAAY Sand ene 35 000 43 000 
DAS days Seen 44 500 76 000 
SS CAS. ener 18 000 22 500 
AGrudays Wn ph see 39 000 50 000 
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in storage for a time, no difference could be detected between the treat- 
ed and the untreated lots. 
No attempt was made to study the influence of carbonation on the 
texture of the ice cream. It was observed, however, that the treated 
ice cream increased slightly in volume after a few hours of storage in 
the hardening room; the surface bulged up about an inch. In 5-gallon 
cans the bulge occupied a space equivalent to about half a pound of ice 
cream. 
CARBONATION OF ICE CREAM SEEDED WITH 
TYPHOID BACTERIA 
In the preceding experiment carbonation did not appreciably affect 
the number of bacteria in ice cream. The bacteria that were present, 
however, were not pathogenic. It is a well-known fact that pathogenic 
bacteria, as a rule, are more sensitive to environmental conditions than 
are nonpathogenic. It was therefore necessary to determine how path- 
ogenic bacteria would behave in carbonated ice cream. Typhoid bac- 
teria were selected for the test. 
About 4 quarts of ice-cream mix were sterilized and then heavily 
inoculated with the typhoid bacteria. Half the mix was frozen plain 
and half frozen in carbon dioxid. A gallon freezer was used for this 
purpose. 
Samples were taken from the mix prior to freezing and from both 
the plain and the carbonated ice cream immediately after freezing. 
The ice cream was then stored in the hardening room, and samples 
were again taken at varying intervals during two years and four 
months. The results of the examination of these samples are shown 
in Table 6. 
' Samples of the freshly frozen ice cream gave bacterial counts twice 
as large as samples of the mix altho the time of freezing was less than 
an hour. This apparent increase was probably due to the breaking up 
of the bacterial clumps during the freezing process. 
Subsequent samples showed continuous reduction in number of 
bacteria, the reduction being rapid at first but more gradual as time 
went on. At the end of the experiment two years and four months 
later there were still living bacteria in both the carbonated and the 
uncarbonated ice cream." 
*The authors are greatly indebted for these tests to Dr. Luther Thompson, 
formerly of the University of Illinois, and to Dr. H. M. Weeter, who did the 
work while at the University of Chicago. 
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The data from the different experiments on the carbonation of ice 
cream indicate that carbonation neither destroys the disease bacteria 
if any happen to be present, nor does it cause any significant reduction 
in the bacterial content ordinarily present in ice cream. That being 
TABLE 6.—PERSISTENCE OF Eberthella typhi IN PLAIN AND IN CARBONATED 
IcE CREAM 
(Figures indicate bacteria per cc. of ice cream) 
Samples taken— Plain Carbonated 
Brom ‘untreated mixe. cei 24 700 000 24 700 000 
enaeed fFOZEN Creal ee eee 50 700 000 50 100 000 
After— 
SSdAVS . Sets « phe ert che crite ere mettre rotors 9 400 000 8 200 000 
AD davses irc eto eneteneania, eee 6 900 000 10 500 000 
20 days ic cue cheetn cere ete teeta a ene 2 200 000 848 000 
TO: GAYS otters oie ln tee ee eee eee 656 000 865 000 
LOA GAYS: Shales Oe otic ells erase Ete 900 000 585 000 
PS4:davS ice mee a acolo etter entree 210 000 129 000 
165 ‘Ga ySieetineo oe p ece e eeereene 636 000 560 000 
LTO dayS aad @ ote ete tee eee eee 702 000 559 000 
QOOdAVS:. Beane erie eae teers 60 000 25 000 
260 day8icc. osteo ein econic che vansene ee 57 000 28 000 
2OONdAYS selec ote eu betes einere Sone 53 000 56 000 
SAD dAVSHEN Coreen error 51 000 78 000 
ASO GAY Sys sroepere ie, Sota hte atte arene haters 30 000 34 000 
‘544 (daVSis. os -cedss te olew ort eter 13 000 17 000 
G48 Gays sacle meee es aie ne etree 11 000 2 600 
DOVCATS To he o herclsre alee cos eee ren eeneeae 6 300 1 100 
2 yearsy 4 monthsa eee eee Living ty phoid*sermss |) eee 
present 
the case, it is very evident that the sanitary qualities of ice cream must 
be brought about by proper pasteurization of the ice-cream mix and 
by sanitary handling. 
CHEDDAR CHEESE STORED IN CARBON DIOXID 
In recent years the development in the cheddar cheese industry has 
been along the line of marketing the cheese in small packages. The 
growth of molds on the packaged cheese is an extremely troublesome 
factor. The experiment on carbonation of cheese consisted of storing 
pieces of ripened cheddar cheese in carbon dioxid and observing the 
effect on the development of molds. The experiment was repeated 
several times, and in all cases this treatment prevented the development 
of molds. 
In order to use carbon dioxid for cheese packaging, the cheese 
would have to be put in air-tight containers. All the air in the con- 
tainers would have to be replaced by carbon dioxid and the package 
sealed so as to hold the gas in the container. No experiments were 
conducted to find whether this manner of packaging would be economi- 
cally profitable. : 
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BUTTER CARBONATED DURING CHURNING 
Experiments on the carbonation of butter during the process of 
churning were conducted both in the laboratory and also in a commer- 
cial creamery. The carbon dioxid was applied in the following ways. 
In the laboratory experiments a rubber hose was attached to the gas 
tank and the loose end of the hose was inserted in the cream as far as 
the bottom of the churn. The gas was then allowed to flow into the 
cream during the entire churning operation. In the creamery experi- 
ments a 4-foot metal pipe was connected to the gas tank by means of 
a rubber hose. The loose end of the pipe was inserted in the cream 
as far as the bottom of the churn, and the gas was then blown in while 
the cream was being stirred. This was continued until the cream was 
saturated and the gas escaped from the churn thru the top opening. 
The churn was then closed and the churning operation was carried out 
as usual. 
Approximately thirty experiments were carried out in the labora- 
tory. In addition to the bacteriological study the butter was stored at 
different temperatures and its keeping quality and the development of 
flavors were observed. 
These laboratory experiments revealed no pronounced effect of car- 
bonation on the bacteria in the butter. The lactic-acid bacteria, which 
constitute a large percentage of the bacteria in properly ripened cream, 
did not appear to be affected by the carbon dioxid. 
The carbonated butter had a sourish taste immediately after churn- 
ing. This taste gradually disappeared in storage. There was no pro- 
nounced difference in keeping quality between the carbonated and the 
uncarbonated butter except that the carbonated product tended to 
develop a slightly different off-flavor. In these laboratory experiments 
it was impossible to find any benefits from carbonation that would be 
valuable enough to pay for the cost of the treatment. 
The experiments in the creamery were done on a large scale. On 
three different days about 3,000 gallons of cream were put into a hold- 
ing tank after the cream was neutralized, pasteurized, and inoculated 
with a starter. The ripened cream was then drawn from this tank into 
churns. ‘The first three churnings, amounting to 2,400 pounds of 
butter, were not treated. In the next three churnings carbon dioxid 
was applied to the cream in the churns. The remaining cream was 
then carbonated in the holding tank. After each churning a 60-pound 
tub of butter was placed in cold storage at 40° F. so that any changes 
in the quality of the butter might be studied. The butter was scored 
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by an expert judge at varying intervals. 
held in cold storage for 135 days and in the other two tests for 40 days. 
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In one test the butter was 
TABLE 7.—EFFECT OF CARBONATION ON KEEPING QUALITY OF BUTTER 
(Figures indicate the butter score) 




Not salted, not carbonated. ........... 89 
Salted; nolicar bDonavec aera apencsneneeeenerere 89 
Salted, not carbonated...... LS ite 88 
INOt salted; carbonated esas se ee cere 89 
Not salted) carbonatede-. sean eee eee 89 
Salted? carbonated smear erento 88 
Salted: Carbonated sence oe ee err 89 
Salted, Ccarbonatedic sateen meee 89 
Salted, carbonatedst.c ca seen ini arene 89. 
Salted. carbonated 75 amo ae ee ee eee 89 
Not salted not carbonated mee lees nee 88 
Not salted; not carbonated.) ...002 eee 90 
Notisalteds not carbonated wees 89 
Salted .carbonatedene estas eerie rere 88 
Salted) carbonatedis4. eee 89. 
Notisalited \catbonated.....5. .ae ears 89. 
Salted: catponatedunmer reese ener een 90 
Salted; carbonated ome ei icietniae ere 90 
Salted, carbonated ats cee cieare eee 90 
Salted, carbonatedh.. niece ee 90. 
Salted): carbonatedisas ance eee 87 




Salted snot: catbonated a acme eee 87 
Salteds ot carbonated = seater oe 88 
Salted not capone teas: aren nee ene 89 
Salted Carbonated caeyetocters ee cast or terme 89 
Salted?.carbonated eee a seme eee 89. 
Salted scarbonavedipen mei steer eseee 90 
Salted carbonated en corte cer erete tree ieee ae ite 90 
Salted carbonatede.ca. peer ieee 88 
| 
Age of butter 
30 40 90 | 135 
days days days days 
88 88 87.5 88.5 
88.5 88.5 88.5 88.5 
89 88 86.5 87 
&9 89 &8 88 
89 89 89 87.5 
89 88.5 87 87 
89.5 88 88 S725 
90 88.5 88 88 
89.5 88.5 87 87.5 





















1JIn Churnings 7 to 12 the cream was carbonated in the holding vat. 
The numerical scores given to the butter by the judge do not reveal 
any measurable benefits or any harm as a result of carbonation. The 
uncarbonated butter would have commanded just as good a price on 
the market as the carbonated. In some cases the carbonated butter 
was pronounced sourish. One lot of butter was made from cream 
which was slightly overneutralized and in this case carbonation tended 
to cover the defect. The butter that was.salted was free from molds, 
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while the unsalted butter became slightly moldy whether it was carbon- 
ated or uncarbonated. 
These results agree with those of Hunziker** and Sherwood and 
Martin’** who report that such carbonation of butter is of no special 
value to the butter industry. 
Bacterial counts were made from the cream immediately before 
churning and also from the butter when it was taken from the churn. 
The results from one day’s run are shown in Table 8. 
TABLE 8.—NUMBER OF BACTERIA, MOLDS, AND YEASTS IN CARBONATED AND 
UNCARBONATED CREAM AND BUTTER 
Number of bacteria Number of yeasts and molds 
Churning Sr acl) ee ee 
Perce: Per gram Perec: | Per gram 
of cream of butter of cream of butter 
Not carbonated 
1 17 000 000 4 000 000 310 300 
Z 31 000 000 3 000 000 420 390 
5 36 000 000 600 000 490 610 
Carbonated in churn 
4 33 000 000 2 000 000 310 1 400 
5 32 000 000 4 000 000 480 240 
6 32 000 000 2 000 000 390 240 
Cream carbonated in holding tank 
7 12 000 000 2 000 000 410 300 
8 vie OO OOO ame | GERM se a scodt che daira ts 290 400 
9 25 000 000 3 000 000 230 800 
10 14 000 000 4 000 000 5 600 800 
Carbonation apparently produced no significant effect on the bac- 
teria in the cream and butter. If any effect was produced, it was not 
enough to be detected by bacteriological methods. 
BUTTER STORED IN CARBON DIOXID 
Freshly made butter was placed in an atmosphere of carbon dioxid 
in an air-tight vessel and then stored at different temperatures. At 
varying intervals the butter was examined for the development of 
flavors. This experiment was repeated about forty times. Bacterio- 
logical examination of the butter was also made in some of the tests. 
The results from one of such tests are given in Table 9. 
The bacterial counts were very irregular. A partial explanation for 
this probably lies in the fact that bacteria are unevenly distributed in 
butter, and that an accurate counting of them in butter or in any other 
solid dairy product is difficult. But in spite of this variation the results 
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TABLE 9.—NUMBER OF BACTERIA, MOLDS, AND YEASTS IN BUTTER STORED AT 
DIFFERENT TEMPERATURES 
(The germ content of the fresh butter was 500,000 per cc.) 
Bacteria per gram Yeasts and molds per gram 
Samples 
taken after— Butter kept Butter kept Butter kept Butter kept 
in CO2 in air in CO:2 in air 
Butter kept at 70° F. 
Sndayis neces 590 000 870 000 130 000 140 000 
TOmavcs. aan 4 800 000 3 100 000 585 000 181 000 
2eweeks: ..1+% 4 410 000 4 110 000 1 278 000 2 340 000 
4 weeks...... 2 240 000 14 500 000 1 250 000 2 630 000 
Si weeks... ... 2 370 000 9 300 000 1 170 000 2 270 000 
Tweekoan ts. 7 500 000 4 000 000 2 020 000 2 250 000 
Butter kept at 60° F. 
SidaVeee. a. 290 000 159 000 300 200 
1O davcueee ee 87 000 78 000 18 800 2 200 
2 weeks...... 278 000 374 000 39 600 101 700 
4 weeks...... 118 000 166 000 44 000 154 000 
DEWEECKS Suess 500 000 300.000 =| sasha eee 1 eee 
T WEEK SESE Eh eer eee. teeta ee | Oe mre eee ee 412 000 514 000 
10 weeks...... 290 000 1 600 000 520 000 460 000 
Many molds 
Butter kept at 50° F. 
DidaVSeee rine 180 000 297 000 200 500 
LOCA y Saerqeees: 151 000 429 000 200 14 900 
Da NCC KGa 56 500 176 000 300 1 100 
4 weeks...... 44 900 480 000 200 100 300 
5 weeks...... 49 000 386 000 400 121 000 
7 weeks...... 480 000 835 000 14.300" "| eee 
10 weeks,..... 108 000 1 600 000 290 000 229 000 
Many molds 
Butter kept at 40° F. 
SCAU S cee aie 445 000 250 000 200 300 
WO) ERS co out 68 000 40000 saeeae | 2 aun ects ete 300 
2 weeks...... 57 700 63 OOO aL nl) Weaieeeirere ees 200 
4 weeks...... 582 000 98 000 800 24 200 
5 weeks...... 110 000 90 000 300 50 000 
7 weeks...... 440 000 730 000 800. 3 |. >) Gee 
14 weeks...... 500 000 1 090 000 1 100 540 000 
Butter kept at 32° F. 
StdaysS eee 441 000 345 000 700 300 
LOlday Seem 220 000 211 000 200” || | © Dae 
4 weeks...... 176 000 178 000 250 450 
7 weeks...... 83 000 156 000 650 5 900 
14 weeks...... 299 000 1 400 000 48 000 980 000 
indicate that the storing of butter in carbon dioxid tends to suppress 
bacterial activity. At warmer temperatures this suppression is of small 
duration, the bacteria soon increasing in numbers. At colder tempera- 
tures the suppression is more pronounced. The yeasts were not affect- 
ed by carbonation. 
There was one outstanding difference between the butter stored 
in carbon dioxid and that stored in air, namely, that the butter stored 
in carbon dioxid was always free from molds. 
The keeping quality of the butter was also affected by storage in 
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carbon dioxid. In most cases the butter so stored kept a little longer 
than that stored in air before off-flavors began to appear. This effect 
was also greatly influenced by temperature and probably by other cir- 
cumstances. At a warm temperature the treated butter did not keep 
very much longer than the untreated, while at a cold temperature it 
kept several days and at times several weeks longer. In time, how- 
ever, the butter held in carbon dioxid also developed off-flavors. The 
flavors in most cases were different and occasionally even more objec- 
tionable in the treated butter than in the untreated. 
SUMMARY 
Fluid dairy products, such as milk, cream, condensed milk, and ice- 
cream mix, were treated with carbon-dioxid gas, the gas being blown 
thru the fluid until it was completely saturated. The products were 
then held in a more or less air-tight container. This manner of car- 
bonation tended to inhibit the multiplication of some bacterial species, 
while other species were able to multiply just about as fast as in the 
uncarbonated product. Because of this influence of carbon dioxid in 
inhibiting the growth of some bacteria, the keeping period of the car- 
bonated products tended to be prolonged. 
Some of the factors that influenced this prolongation of the keeping 
period were the temperature at which the products were kept after 
they were carbonated, the pressure of the carbon dioxid gas under 
which they were kept, and the amount and kind of bacterial contamina- 
tion prior to carbonation. 
When carbonated dairy products were held at temperatures at 
which bacteria multiply slowly (32° to 50° F.), their keeping quality 
was invariably improved as compared with the uncarbonated products. 
When they were kept at room temperature (about 70° F.), they spoiled 
in about the same time as the uncarbonated products, unless they were 
kept under pressure. 
Carbonation under pressures higher than that of the atmosphere 
was studied only in connection with milk. As the pressure of the 
carbon dioxid was increased, the rate at which the bacteria multiplied 
was decreased and the keeping quality of the milk increased. When 
kept at 70° F., carbonated raw milk held at a pressure of 60 pounds did 
not spoil until the ninth day, while uncarbonated raw milk spoiled in 
two days. No attempt was made to determine what pressure of carbon 
dioxid was necessary to completely inhibit the multiplication of all 
bacteria. In one experiment a pressure of 180 pounds completely 
inhibited the multiplication of bacteria in freshly pasteurized milk held 
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at about 40° F. It is evident that milk would have to be held under 
much higher pressures than the so-called “soft drinks’ (70 pounds?*) 
in order to completely inhibit bacterial growth in it. 
The influence of carbonation on the keeping quality of dairy prod- 
ucts was affected by the nature of the bacterial contamination of the 
products prior to carbonation. When the product had a high bacterial 
count, its keeping quality was not appreciably affected. When the 
bacterial count was low, its keeping quality was improved. The exper- 
iments with condensed milk and ice-cream mix bring out this point. 
Uncarbonated samples of condensed milk taken before it was super- 
heated spoiled in two weeks. Carbonation did not improve the keeping 
quality to any great extent. The same milk carbonated after it was 
superheated was usable after five weeks of storage in the refrigerator. 
The superheating caused a reduction in the number and probably in 
the kind of bacteria in the condensed milk. 
Carbonation of ice cream as described on page 153 did not cause 
any significant reduction in the number of bacteria in the ice cream. 
Proper pasteurization and sanitary handling must be relied on in the 
production of a wholesome product. 
The results from carbonating sweet cream for use in butter making 
would seem to indicate that such procedure is of doubtful value as a 
means of improving the quality of the butter. 
Carbon dioxid applied to cream at churning had no measurable 
effect on the bacteria in the butter. Butter so carbonated had a sourish 
taste when fresh, but after a few days the sourness disappeared. This 
treatment did not improve the flavor of the butter; neither did it 
improve its keeping quality. 
When butter was stored in a carbon-dioxid atmosphere in an air- 
tight container, its keeping quality was invariably improved. Certain 
undesirable flavors which normally develop in butter in storage did not 
develop in the presence of carbon dioxid. The development of molds 
was also inhibited by this treatment. Similar results with respect to 
molds were obtained with cheese. 
When a dairy product is held in an atmosphere of carbon dioxid, 
those off-flavors which are due to oxidation of certain ingredients do 
not develop. 
The results of these experiments indicate that in general the car- 
bonation of dairy products as carried out in this study did not pre- 
vent, nor in most cases did it retard to any great extent, the deteriora- 
tion of dairy products. In some instances the carbonation caused a 
change in the character of the deterioration and in other instances it 
caused a delay or a complete inhibition in the development of certain 
A 
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off-flavors. Whether the change in the character of deterioration and 
the delay or inhibition in the development of certain off-flavors are 
of an economic value to the dairy industry remains to be demonstrated 
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